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Are American Farmers Better Off as a 
Result of Technology Gains? 
David L. Debertin 
Coriimercial farmers remain  a primary politi- 
cal  force in  support of publicly-supported re- 
search and educational programs to create pro- 
ductivity  gains  in  crop  and  livestock 
production.  Have  the  technical  productivity 
gains brought about by both public and private 
sector  research  and  educational  efforts  im- 
proved  the well  being  of  American  farmers? 
A great  number of  agricultural  scientists be- 
lieve that they have. Studies have attempted to 
provide estimates of the internal rate of return 
and benefitlcost ratios for agricultural research 
and education. The vast majority of these stud- 
ies estimate a quite favorable internal rate of 
return  and a high productivity  for public-sec- 
tor agricultural research (Huffman and Just, p. 
828). But these studies have focused on rates 
of return to agricultural research and education 
for society as a whole, without attempting to 
determine  if  these  gains  accrued  to farmers, 
consumers. or perhaps the agribusiness firms 
who  purchase  raw  farm  commodities  from 
farniers or sell them inputs.' 
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I For many years the US Bureau of the Census and 
the USDA have debated  the issue of  what constitutes 
a farm. It is not surprising that debate also exists with 
respect  to what constitutes a "comn~ercial" farm or a 
"family"  farm. 'Thinh  of these terms in  the following 
way. There are two types of farms, those in which the 
operator  and the family  memhers supply  most of the 
labor, called f  urnil~  jurm.r, and larger than family-size 
units in which hired workers who are not family men- 
hers provide most of the labor. Thus many commercial 
farms are larger than family-sized.  However. for com- 
mercial family farms the ma.jority of household income 
Research  and  educational  activities  that 
lower production costs and improve the pro- 
ductivity of crop and livestock production take 
place  in  both  the private and public  sectors. 
For public sector investments, much of the im- 
petus  for the development  of  the  land  grant 
university  system from the  1862 Mo~rill  act 
was related to the need for improved education 
designed to enhance the productivity of Amer- 
ican  agriculture-primarily  by  increasing  the 
output per unit of labor employed. but also on 
making other factors of production (i.e. land) 
more  productive  as  well.  Khanna,  Huffman 
and  Sandler  cite evidence  to indicate  that  if 
output per unit of input employed is the mea- 
suring stick, these activities have indeed been 
enormously successful. They also provide in- 
formation on how inflation-adjusted estimates 
of public expenditures on agricultural research 
vary by state (p. 272). 
Antle and Wagenet indicate that  "Govern- 
ment  invests about 2.5  billion  in  agricultural 
research  each  year.  In  return.  the public  ex- 
pects  to see new  science and technology that 
tangibly  improves the quality of  life. But the 
public  also  perceives  that  new  science  and 
technology  often  creates  new  problems  and 
uncertainties that di~ilinish  the quality of life. 
These problems have led some to question the 
comes from the sale of crops and livestock, farm pro- 
gram  payments,  or  other  income  directly  related  to 
farming. For srnall non-commercial farms. most of the 
household  income comes from  off-farm  employment 
or  other  non-farming-related  sources  (a  "mral  life- 
style"  farm). or the total  income from agriculturally- 
related  sources provides a standard of  living at or be- 
low the poverty  level  in  an ordinary production  year 
(a "subsistence"  farm). 328  Journal  r$ 
value of using tax dollars to fund science for 
science's  sake without  considering the conse- 
quences (p. l)." 
Chennareddy  and Jones  suggest that  "As 
the United States became more industrialized, 
an  enormous demand  for non-farm labor in- 
creased non-farm wage rates. The next turn of 
the sequence was that the scarcity of farm la- 
bor created the necessity for labor-saving and 
capital-intensive farm technology, and the rap- 
id  growth  in farm  technology contributed to 
further decline in the demand for labor."  They 
argue that the three reasons for the decline in 
farm labor (and, ultimately, out-migration 
from farming-dependent rural regions) are ( I ) 
the  industrialization  of  the  non-farm  sector 
that  made  high-wage  urban  employment  in- 
creasingly attractive, (2) tremendous advances 
in  labor-saving and output-enhancing technol- 
ogies within  agriculture.  and (3) the price in- 
elasticity of demand for farm products. 
Any discussion of the sources and impacts 
of technological change in US production  ag- 
riculture  almost invariably leads  to a discus- 
sion of the role that the public sector (primar- 
ily  colleges  of  agriculture)  has  played  in 
developing  new  farm-level  production  tech- 
nologies  and  in  providing  educational  assis- 
tance  that  ultimately  encourages  widespread 
adoption of productivity-enhancing and cost- 
reducing technologies. This concern rests on 
closely-held  beliefs  and values of many agri- 
cultural  college faculty  who believe  that  the 
many  thousands  of  individual  scientific  and 
educational  efforts directed toward increasing 
farm-level productivity have reaped enormous 
benefits not only to farmers, but also to con- 
sumers and the public at large both in  the US 
and world-wide. 
This  perspective also has roots  in  what  I 
have termed  the  "agrocentric"  view of farm- 
ing and rural economies.'  Those who espouse 
the  agrocentric  viewpoint believe that  within 
The term ugrocentric is derived from the word erh- 
~zocentric.  The term ethnocrnrric is characterized by or 
based on the attitude that one's own group is superior. 
An agrocentric view places production agriculture in a 
superior  position  within  the  rural  ecorlorny  and thus 
largely  responsible  for driving incomes and employ- 
ment in  the rural  non-farm sectors. 
Agricultural ~ind  Applied Ecorlotnics, August 2001 
rural communities the sale of crops and live- 
stock drives the rural non-farm economy, and, 
therefore, farming assumes a superior position 
in  supporting other sectors of  the rural-non- 
farm  economy.  Thus  agrocentric  faculty  of 
colleges of  agriculture would be interested in 
promoting the  increased production and sales 
of crops and livestock over other feasible pos- 
sibilities for raising incomes in rural areas, and 
would encourage increased local processing of 
farm-level  production  as  a  major  means  of 
boosting incomes of non-farm rural residents. 
Agrocentric faculty who  believe that  techno- 
logical change in production agriculture boosts 
crop and  livestock production  are convinced 
that the development of  new  farm-level pro- 
duction  technologies  that  increase  output  or 
lower production costs must therefore not only 
be beneficial to farmers but to rural economies 
as a whole. 
Criticisms have not focused on the possi- 
bility  that  the  consequences  of  widespread 
adoption  of  new  far~n-level  production  tech- 
nologies  may  be  different  than  widely  be- 
lieved, but  rather on  the possibility  that col- 
leges of agriculture are not as engaged as they 
should  be  in  solving  practical  problems.  A 
criticism  sometimes levied  is that  college of 
agriculture faculty  are not  engaged  with  the 
real  world  and, as a result, devote too much 
of their energies to solving problems of  little 
economic  importance  to   farmer^.^  I  believe 
that this criticism is unjust. The technical pro- 
duction scientists I have worked with over the 
years  seem totally  devoted to  and consumed 
by the task of identifying workable ways that 
incremental productivity improvements can be 
achieved  in  either  crop or livestock produc- 
tion.  However,  I  am  greatly  concerned  that 
many  of  these  same scientists and educators 
'  Schuh leveled this lack-of-engagement (ivory-tow- 
er) criticism in a widely cited article in Choices, Beat- 
tie, in  his  presidential  address to the members of the 
American Agricultural  Economics Association, argues 
that colleges of  agriculture  have faced  [allegations of 
lost focus and mission, of misplaced  emphasis, of self 
serving professors  rather  than  professors  serving the 
needs of their students and society . . . "(p.  1319) but 
then defends the importance of basic research not  im- 
mediately  directed  toward solving practical  problems 
faced by  farmers and rural  societies. Ilebertin:  Ti~hnology  Guir~s  nncr'  the Americun  Fan 
within agricultural colleges seem only vaguely 
aware of  the social and  economic consequenc- 
es of their successes in increasing agricultural 
productivity  by creating  and  promoting  out- 
put-enhancing  technologies. 
What is TechnoIogical Change in 
Agriculture? 
What is technological  change in agriculture'? 
Much  of what  agricultural  economists  call 
technological change in production agriculture 
is embodied  in the  "state"  or  characteristics 
of  capital inputs (i.e.  the so-called "fixed" in- 
puts  such as  machinery) employed within the 
production  systems  being  used.  The  single 
most important long-term problem facing US 
agriculture has been low rates of  return to la- 
bor employed  in production  agriculture, rates 
of return that  are  below those found  in most 
other  sectors  of our  economy. The story  of 
agriculture in the US throughout the 20th  cen- 
tury was one long adjustment process in which 
excess labor moves to (usually)  higher-paying 
non-farm employment, and  increased  use  of 
capital  (a form of  technological change) sub- 
stitutes  for  labor.  Technological  change  en- 
compasses not only characteristics of "fixed" 
inputs, but is also embodied  in the  "state"  of 
inputs normally  treated  as  "variable"  includ- 
ing  seed  genetics, herbicides.  pesticides,  fer- 
tilizers and  the like. 
Agricultural  scientists  sometimes  like  to 
think of  technological change as including two 
separate  but related  economic concepts. New 
technology can be directed  toward  either in- 
creasing  productivity  of inputs  such  as  land 
and  labor or toward reducing production costs. 
An example of  a productivity-increasing tech- 
nological change might be a new piece  of  ma- 
chinery that  increased  the amount  of a crop 
that a single worker could produce annually- 
for example, a larger tractor or new tillage and 
harvesting equipment would increase the pro- 
ductivity of  the farmer's labor so that the same 
amount of  labor could produce more of  a crop. 
A technology such as  this may not neces- 
sarily  reduce total production costs on a per- 
unit basis especially  if the  equipment  is ex- 
pensive or interest rates are high. Furthermore, 
the  purchase  of  such  larger  equipment  may 
provide  incentives to the farmer to attempt to 
find  additional  land  to farm  in  an  effort to 
spread  the costs of the new equipment over a 
larger  amount  of  output.  In  particular,  tech- 
nologies that increase the productivity  of  labor 
employed in agricultural production have been 
the  driving  force  in farm expansion  and  the 
outflow of farm  labor  from production  agri- 
culture. 
But  new agricultural technologies can  as- 
sume  a very  different form. Suppose  a new 
herbicide is invented  by a chemical company 
that  is equally  effective at  controlling  weeds 
in  a crop, but  is  much  less  expensive for  a 
chemical company to produce  so that the her- 
bicide can be sold  to crop producers for one- 
half the previous cost. The farmer adopting the 
new  pesticide  immediately  cuts  the  cost  of 
herbicide in the crop budget by one-half, and 
believes that  the  savings that  occur will  as  a 
result  increase  the  profit  from  growing  the 
crop by an equivalent amount. 
Measuring Technological Change in 
Farm-Level Agricultural Production 
One measure  of technological  change in ag- 
riculture is the USDA  data series on farm level 
productivity. This index was at  0.506 in 1949, 
but  stood  at  1.198  in  1994, the last year  for 
which data are currently available (Ball et al). 
This is  a 236-percent  increase in farm level 
productivity.  According  to Ball, for the same 
period,  1949-94,  the index of prices  received 
by farmers increased  from 0.464 to 1.063, a 
very similar  239 percent  rise. The cost of  in- 
puts  employed  in agricultural production  rose 
much faster than either prices  received or the 
technical  productivity  index,  from  0.167  in 
1949  to  1.179  in  1994, an  increase  of some 
704 percent. 
The increase in the cost of  inputs employed 
in agricultural production probably reflects the 
fact that technological  progress  in agriculture 
almost invariably involves the increased use of 
inputs  purchased  off-farm-often from  agri- 
business  firms  as  increasingly  sophisticated 
capital  inputs persistently  substitute for labor. 
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chemical  fertilizers, herbicides and pesticides, 
hybrid  and  often  now  genetically-engineered 
seeds, increased reliance on feed additives and 
artificial  insemination, as  well  as greater ex- 
penditures  for state-of-the-art livestock facili- 
ties and equipment necessary for efficient pro- 
duction systems. Interestingly, neither the 
physical  output  increases  nor  the  prices  of 
crops  and  livestock  in  the  marketplace have 
kept  pace with increases in  input costs. 
The Council of Economic Advisors Report 
(p. 21 8) suggests that farm-level productivity 
is  increasing  by  about  2.1  percent  annually. 
Based on $300 billion in annual sales of crops 
and livestock, this would result  in a return to 
technological  progress  in  farm-level  agricul- 
tural  production  of  about  4.2 billion  dollars 
per year. In  a  1986 study. Braha and Tweeten 
estimate that each dollar invested  in agricul- 
tural  research  and  extension  produces  about 
$10 in gross benefits or $5 in discounted ben- 
efits to society over time. Tweeten obtains an 
estimate of  $21 billion  in benefits  to public- 
and  private-sector  research  and  education in 
agriculture ($4.2 billion times 5). He estimates 
the cost of public  and private investments in 
infrastructure, education, and research and de- 
velopment at  $11 billion,  yielding a benefit- 
cost  ratio  for public  and  private  agricultural 
research and education  of just under 2. 
Are Farmers Better Off from 
Technological Change in Production 
Agriculture? 
In a recent  paper, Harl et al. ask the question 
"Do  farmers benefit from technology?"  With 
but  one  exception  their  conclusion  is  that 
farmers  do not  benefit.  They  follow  my  ar- 
gument that technologies are output-increasing 
(such as hybrid corn) or cost-decreasing (such 
as  Roundup-Ready  soybeans)  or  both.  They 
argue that for an output-increasing technology, 
in the face of inelastic demand, the result is a 
disproportionate drop in  price  and  in  profit- 
ability  except  for  early  adopters  who  gain 
from the technology until adoption boosts ag- 
gregate  output  sufficiently  to  cause negative 
economic impacts for producers. They suggest 
that  consumers  benefit  from  increased  food 
supplies and from lower food costs, but pro- 
ducers ultimately are worse off economically. 
The exception to the general conclusion of 
Harl  et al. that  farmers  do not benefit  from 
technological  progress  is  grounded  in  the 
adoption cycle. They admit that the relatively 
small number of farmers who are quickest to 
adopt a new technology will likely be able to 
reap  some increased profits  in  the  short run, 
even as commodity prices in the aggregate re- 
main relatively  unaffected because of low ear- 
ly-adoption rates. Quick adoption of new tech- 
nologies by a small nur-nber of producers may 
have the intended effect of raising net incomes 
of the farmers who are among the first to adopt 
the technology in the short run. 
Harl et 31.  also argue that  the  adoption  of 
cost-reducing technologies that increase profit 
margins in  the  short run  may  have the unde- 
sired environmental consequence of increasing 
agricultural production at the margin. Reduced 
production  costs mean that the crop in  ques- 
tion  becomes  profitable  on  soils  and  in  cli- 
mates  where  the  crop  would  have  been  un- 
profitable  without  the  technology.  In  effect, 
cost-reducing  technology  extends  production 
into  new  areas.  Thus,  output  ultimately  in- 
creases, again with a disproportionate drop in 
price and in profitability, and again only very 
early adopters benefit. 
Thus land  that  under  the  old,  higher-cost 
technology  could  not  be  used  to  profitably 
produce a commodity now becomes profitable. 
While  this  may  appear  to be  desirable from 
the perspective of the individual far~iier,  it be- 
comes  undesirable  from  the  perspective  of 
production  agriculture  and  perhaps  even for 
society  as  a  whole.  As  marginal  crop  land 
(land  which  under  the  old  technologies  was 
not  suitable  for  crop production)  is  brought 
into  production,  additional  output  will  be 
placed on the market, ceteris paribus, lowering 
world prices for the crop. Moreover, marginal 
lands tend  to be environmentally  fragile, in- 
creasing erosion from water and wind relative 
to what would have occurred had the cost-re- 
ducing  technology  not  been  developed.  In 
adopting  the  new  cost-reducing  technology, 
the individual  farmer may be better off in the 
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similar to what would have occurred with any 
other type of new technology. 
In  a recent paper,  Tweeten also addresses 
the issue of whether farmers in the aggregate 
benefit from technological  progress.  In  con- 
trast with Harl  et al.. he concludes that farmers 
have indeed  made real  gains from technology 
adoption  over  time. Tweeten's conclusion  is 
based on a comparison of  changes in the mul- 
tifactor productivity index (defined as the ratio 
of  the aggregate output of  crops and  livestock 
to the aggregate farm production  input) to the 
parity  ratio  (the ratio  of prices  received  by 
farmers for crops and  livestock  to the prices 
paid  by farmers for inputs). He  calculates that 
the parity  ratio in 1999 was 36  percent of  what 
it was in the  1910-14  average base year.  But 
over the same time period  the multifactor  pro- 
ductivity  increase  3.94  times  its  1910-1 9 14 
level. He  concludes that farmers have benefit- 
ted  from new  technology  because output  in- 
creased  nearly four-fold while the parity  price 
index decreased  by less than three-fold (1001 
0.36 = 2.78). While continuing to suggest that 
the short-run (less than a few years  time) ag- 
gregate demand is still  inelastic, Tweeten fur- 
ther  argues  that  these  empirical  calculations 
provide  evidence  to support  the existence  of 
an  elastic long-run aggregate demand  for ag- 
ricultural commodities. 
My  own calculations employing  a similar 
method but using slightly different data series 
for the time period  1949-1994  do not support 
Tweeten's conclusions drawn from data going 
back to the  1 9 10-  1 9 14  parity  ratio base year. 
As  a  measure  of agricultural  productivity  I 
used  the  USDA index  of farm  productivity 
which  is  currently  available  for  the  period 
1949-1994  (Ball et  al.). This index  stood  at 
0.4613 in 1949, but was 1.1919 in 1994 (1989 
= 1.00). This suggests that the  1994 index is 
258  percent  of what  it  was  in  1949.  1  then 
formed  the ratio of the index series of prices 
of farm  output  to  farm  input  prices  (Ball, 
USDA). This ratio  was  2.7732  in  1949  but 
only 0.90455 in 1994. In other words, the ratio 
of  prices  received to prices  paid  in  1994 was 
32.53  percent  (0.9045512.7732) of its  1949 
value. So the ratio of prices  received to prices 
paid  declined  over three-fold, while the pro- 
ductivity  index  increased  by  slightly  more 
than two-and-a-half times. These findings con- 
flict  with  Tweeten's conclusions and  support 
the  argument  that  between  1949  and  1994 
farmer? have been harmed rather than helped 
as  a result of  technology-induced productivity 
gains.  These findings provide  empirical  evi- 
dence against an elastic long-run aggregate de- 
mand  for agricultural commodities and  in fa- 
vor  of the  more  traditional  argument  that 
agricultural  commodities instead  face  an  in- 
elastic  demand  curve  in  both  the  short  and 
long run. 
We  know that output-increasing technolog- 
ical  progress  in the production  of crops and 
livestock, while significant, has been less dra- 
matic  than  the  gains  that  have  occu~red  in 
most of the other sectors of  the US economy. 
The gross value of  farm output was only 2.63 
percent  of  US GDP in 1998. down from over 
7 percent  in 1973 and  over 12 percent  in 1950. 
This is in part  because decreases in major ag- 
ricultural commodity prices that have occurred 
over time have approximately offset  any gains 
from  increases  in  the  volume  of crops  and 
livestock being  sold  as  a result of technolog- 
ical  progress.  If adjusted by the CPI (1982-84 
=  100). the  1998 Gross value of agricultural 
output for the US of  144 billion dollars is little 
different from the  136  billion dollar figure in 
1950. Except  in the  1970s, when rising com- 
modity prices fueled increases in farm income. 
and  despite gradually accumulating technolog- 
ical  progress,  the real  gross  value of agricul- 
tural  output  has  varied  little  in  the  last  50 
years. The stability of  the gross  value of  farm 
income over time provides empirical evidence 
to suggest that the long  run  elasticity  of de- 
mand  for  US  agricultural  production  is  at 
most,  -1,  or  unitary.  That  is,  attempts  to 
achieve gains  in income to farmers in the ag- 
gregate  by  increasing  the  volume  of output 
through innovation and  technical change in the 
long run have been almost  exactly  offset by 
deterioration in commodity prices. 
The Profitability Question 
Some have argued  that the goal  of  technolog- 
ical progress in agriculture is not to help farm- 332  Journal  of Agriculrural and Applied  Economics, August 2001 
Table 1.  Average Farm Operator Household Income, by Economic Size of Farm, 1991-1997 
Economic Size of  Farm (Sales) 
Less than  $50,000 to  $250,000 to  $500,000 
$50,000  $250,000  $499.999  or More  All households 
1991: 








Total Household Income 
Farm earnings 
Off-Farm Income 
ers  produce  more,  since the consequence  of 
the increased output is a deterioration in com- 
modity prices faced by  all producers. Rather, 
the guiding objective of  agricultural research 
and education in crop and livestock production 
is to help farmers become more profitable. that 
is, to keep more of  the revenue they receive 
for selling crops and livestock as bottom-line 
profit,  or  net  farm  income.  Technological 
change  in  production  agriculture  over  time 
perhaps  could have helped  farmers gradually 
widen  their  profit  margins and keep more of 
what they sell as net income, but this conten- 
tion is not supported in the USDA data series 
on farm income. 
A simple way of examining this issue is to 
look at the question  of  whether net  farm in- 
come represents a larger or a smaller share of 
the gross value of farm output recently than it 
did  50 years  ago.  If  profit  margins  are wid- 
ening  over  time  as a  result  of  technological 
change, then net farm income as a share of the 
gross value of  agricultural output should also 
be increasing, as the cost-share  comes down. 
However, USDA data reveal an opposite pat- 
tern, as costs relative to the gross value of ag- 
ricultural  output  gradually  widen  not  narrow 
over time and net farm income as a share of 
gross  farm  output  declines.  Nationally,  net 
farm  income  was  only  21  percent  the gross 
value of  farm output in  1998, compared with 
nearly  42 percent  in  1950. In other words, in 
1998 a farmer would have to sell about twice 
as much dollar volume of output to have the 
same  nominal-dollar  net  farm  income  as  in 
1950. 
In  1983.  arguably the  worst  year  for US 
agriculture in the past 50 years, aggregate net 
farm income was only about 10 percent of the 
gross value of agricultural output, although in 
recent years the ratio has remained at just over 
20 percent. Note  also that direct government 
payments  are counted  as  a  part  of  net  farm 
income, although they are not part of the gross 
value  of  agricultural  output,  so  rising  farm 
program  payments  during  the  90s  were  in 
large measure  likely  responsible  for keeping 
this ratio at just  over 20 percent. 
How  have farmers  adapted to all of  this'? 
Gardner,  in  his  2000 AAEA  presidential  ad- 
dress, dealt with this issue. He relied on data 
from the USDA  Agricultural Resource Man- 
agement study (summarized in Table 1) which 
suggests that farmers have increasingly relied 
on  off-farm  employment.  In  1997,  for  US 
farmers as a whole, income from off-farm em- 
ployment  and other non-farm  sources on av- 
erage represented 88.6 percent of farm-propri- 
etor household  income. In every year of  the 
study from 199  1 to 1997, the average US farm 
proprietor selling $50,000 or less lost money 
from farming activities, but because of income 
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was still approximately the same as the aver- 
age household income for all US  household^.^ 
The situation  was  very  little  different for 
larger  farms.  Of  those  with  gross  sales  be- 
tween $50,000 and $250,000, off-farm income 
was the source of over twice as much income 
as income from the farm, averaging $38,177 
in  off-farm  income  versus  $16,142  of  farm 
earnings, while total household income for this 
size category exceeded the average income for 
all  US  households  (Table  1).  Farms  above 
$250,000 in  gross sales rely more heavily on 
income from farming activities. However, 
even  for this class of  farms,  1997 household 
income  from off-farm  sources  is  still  above 
$30,000.  Only  for  farms  selling  more  than 
$500,000 in  output does farm income greatly 
exceed income from off-farm sources. In the 
past,  income  generated  from  farming  was 
spent and re-spent in local communities as the 
farm economy drove the non-farm rural econ- 
omy. Increasingly,  the  situation  is reversing, 
with income from off-farm employment being 
used to support a farming lifestyle-in  a sense, 
the  rural  non-farm  economy  is  driving  the 
farm economy. 
Fa]-mers who  rely  on  prrrnarily  off-farm 
employment as a source of household income 
have little incentive to adopt the latest in out- 
put-enhancing  or cost-reducing  technologies, 
particularly if these technologies require a sig- 
nificant expenditure of start-up capital in order 
to  implement  or require  labor  at  hours  that 
would jeopardize  income from off-farm em- 
ployment.  Many  new  technologies  require  a 
sizable scale of operation in order to achieve 
the output-enhancing or cost-reducing benefits 
and  are  ill-suited  to  small-scale,  part-time, 
and/or hobby~lifestyle  operations. 
Those living on farms or those who once 
lived on farms may have benefitted from tech- 
nological change in agriculture, but not in the 
way envisioned by many agricultural scientists 
who focu\ on improving farm-level productiv- 
In  a  1986 Choices article, Thurow (pg  18) argued 
that the agricultural industry was a tax scam. He noted 
that  in  1982, a  net  farm income of  20 billion  dollars 
was  reported  to the  IRS  as 5  billion  in  losses.  Un- 
doubtedly.  farms are still being used  as tax  writeoffs 
by farmers large and small. 
ity  and reducing production costs. New  agri- 
cultural  technologies  have  gradually  though 
persistently  reduced the  amount of labor em- 
ployed  per  unit  of  output  employed in  agri- 
cultural  production.  Prices  for 1110st  agricul- 
tural  commodities  declined  at  a  faster  pace 
than the technical  productivity  of these enter- 
prises increased. At the same time, economic 
development in many rural areas provided ex- 
panding  off-farm  employment  opportunities 
for many  farmers faced  with  declining reve- 
nues  and  incomes  from  crop  and  livestock 
production. Declining commodity  prices pro- 
vided  economic  disincentives  to continue  to 
rely on commodity sales for a major share of 
fanlily  income:  Expanding  employment  op- 
portunities in the non-farm rural economy pro- 
vided  economic  incentives  to  find  full-time 
off-farm  employnlent,  while  still  enjoying  a 
farm as a rural  lifestyle residence. Farm en- 
terprises changed as farmers increasingly 
sought  ways  to mesh  living  on a farm with 
full-time off-fann employment, away from en- 
terprises such as dairy, and toward enterprises 
such as beef feeding or even confinement hog 
and poultry production. For many, living on a 
farm gradually has become a lifestyle choice 
rather than an econonlic necessity. 
The trend  toward  increased  off-farm  em- 
ployment as an expanding source of farm fam- 
ily income has long been present both nation- 
ally and in the South for moderate-sized farms 
selling less than $50,000 annually. The USDA 
data suggest that because of weaknesses in the 
farm commodity  markets, this  same trend  is 
becoming  increasingly  important  for  larger 
(commercial as opposed to hobby, lifestyle or 
subsistence)  farms  selling between  $100,000 
and $250,000 of output. Farms in this size cat- 
egory have often been  thought of  as the core 
farm and political  constituency of colleges of 
agriculture-that  is, commercial but still fami- 
ly-run  operations that  relied  heavily  on crop 
and  livestock  sales  for  income  and  perhaps 
represented the best market  for the technolo- 
gies and educational efforts of colleges of ag- 
riculture directed toward farmers. To  the ex- 
tent that these farmers become less dependent 
on farm commodity  sales for family income, 
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ductivity-enhancing  and  cost-reducing  tech- 
nologies  and  educational  programs  for  im- 
proving  crop  and  livestock  production  as 
programs run  by  colleges of  agriculture may 
also decline. 
Nationally, in  the most recent NASS revi- 
sions, total  farm  numbers  are  no  longer de- 
clining even though income from off-farm em- 
ployment  is assuming ever larger importance 
in  the  household  income  of  farm  families. 
Counts  of  farm  numbers  throughout  the  US 
reveal  that  increases  in  rural  lifestyle  farm 
numbers  are  now  completely  offsetting  the 
continuing decline in the number of commer- 
cial operations. It is a tribute to the increasing 
economic  strength  of  the  non-farm economy 
(both  the  rural  economy  and  in  cities  near 
farms) that many farm residents can enjoy the 
farm  lifestyle  while  having  incomes  compa- 
rable to if  not better than those of city dwell- 
ers. Technological change in production  agri- 
culture has in  large measure been responsible 
for these demographic and workplace shifts. 
Are US Consumers Better Off? 
Two major trends are now  occurring that de- 
termine whether or not US consumers are ben- 
efitting  from  technological  progress  at  the 
farm level. The tirst trend involves changes in 
consumer demographics with  increased  num- 
bers of couples who both work, single-person 
and  single-parent  households,  and  other 
changes that  move away from the traditional 
concept of  a family in which  the husband is 
the  income  provider  while  the  wife  stays at 
home.  These  trends  have  shifted  food  con- 
sumption  patterns  such that  fewer and fewer 
meals are being prepared or are eaten at home, 
and of  these the  items used  in  meal  prepara- 
tion  have  an  ever  lower  farm  level  value. 
When large numbers of housewives stayed at 
home  and  cooked  meals  for  their  families, 
these meals often contained comparatively un- 
processed items such as raw meats, flour. and 
other items  that  had  a high farm-level value 
relative to retail prices. To the extent that tech- 
nology  in  agriculture lowered  production 
costs, these reduced  costs were  often passed 
through  to  consumers  in  the  form  of  lower 
food prices. 
The second, related  trend  was the expan- 
sion  and  consolidation  of  agribusiness  firms 
responsible  for  converting  raw  agricultural 
commodities into what the consumer purchas- 
es  at  the  grocery  store  and  in  restaurants. 
Changes  in  demographics  have  fueled  the 
growth  of  these  firms,  as  fewer  and  fewer 
meals are prepared at home from basic food 
items with a high farm-level value. The costs 
of  processing,  marketing,  and  transportation 
dwarfs the farm-level  value of the food item. 
For a particular food item, if the farm value is 
but  10 percent  of  the  cost  to the  consumer, 
gains  in  efficiency  at  the  farm level  will be 
little felt by consumers relative to what would 
have  happened  if  the  farm  value were 30  or 
40 percent of the retail  price paid by  the con- 
sumer. This is even more true for restaurants 
where the farm-level  value is even lower. So 
consumers who once saw great benefits from 
farm-level  technological  progress in  the form 
of lower food prices may now see few bene- 
fits. 
One way of measuring the extent to which 
consumers have benefitted from technological 
change in  food production  is  to examine the 
ratio of prices for food relative to changes in 
the overall consumer price index. The USDA 
has a specially constructed index of food pric- 
es that they have compiled, which they believe 
is superior to the food price indices compiled 
by the Department of Commerce as part of the 
CPI.  The ratio  of  the  USDA  index  of  food 
prices to the overall CPI fell in the 1960s, then 
rose  sharply  in  the  early  70s, as farm-level 
commodity  prices  increased,  but  then  fell 
sharply  again  in  the  late 70s and  early  80s. 
Since 1985, the ratio has remained almost con- 
stant. 
To summarize, in large measure consumers 
no  longer  appear  to be  reaping  the  benefits 
from technological  change  in  crop and  live- 
stock production-at  least no longer in the form 
of lower food prices. The demographic chang- 
es (more households comprised of but one in- 
dividual,  more  single-parent households) and 
employment changes (more families in which 
both  husband  and wife work full time) have Dehcrritl:  Technology Guin.s und the American Furnler  335 
resulted  in  increased  consumer  reliance  on 
more  fully-prepared  and  more  highly-pro- 
cessed foods, and gradually increased the pro- 
portion of meals eaten away from horne. Most 
housewives working an eight-hour day outside 
the home are not willing to spend a lot of time 
in the kitchen  preparing meals for their fami- 
lies.  As a result,  the farm  value  of  the  con- 
sumed food  is declining as other costs com- 
prise  an  increasing share of the  cost of  food 
to consumers. Savings due to improved tech- 
nology  at the farm level  will  likely  not even 
be  noticed  by  the  time  the food reaches the 
consumer. 
The second reason relate\ to the increasing 
consolidation  and market  power  of  agribusi- 
ness firms responsible for converting raw ag- 
ricultural  commodities  into  the  form  pur- 
chased  by  the  consumer.  The  major  food 
processors  operate  in  an  oligopolistic  rather 
than a competitive environment. To the extent 
to which these firms have market power, these 
firms have opportunities to retain the benefits 
of  farm-level  production  technologies for 
themselves rather  than  pass  any  savings for- 
ward to consumers in the form of lower food 
prices. 
Are Agribusiness Firms Better Off? 
The last  15 years  has been  a period  of rapid 
consolidation of  firms  in  many  parts of  agri- 
business-farm  input  suppliers, meat  and 
grain processing firms, and even food retailers. 
Agribusiness firms  often act as oligopsonists 
in  making  purchases of  raw  farm commodi- 
ties, and as oligopolists in  selling to consum- 
ers  (Sexton).  As  oligopsonists,  agribusiness 
firms  seek  the  lowest-cost  supplies of  crops 
and livestock  meeting  their  needs, and often 
search out  world  markets  for these  supplies. 
US farmers will  be chosen as supply sources 
only to the extent that quality is adequate and 
prices are competitive in world markets. With 
broilers  and hogs, many  producers may have 
the  option  of  selling to only one buyer. This 
sets up the necessary economic conditions for 
the  buyer to take advantage of  its  monopoly 
(monopsony) power. 
Marketing economists have been looking at 
the issue of whether or not gains in farm-level 
efficiencies  are being passed forward to con- 
sumers. In particular, do processed meat prices 
reflect what the processor paid for the live an- 
imal  to the  extent  this  was  true  some years 
ago?  Carstensen  suggests  that  according  to 
USDA  data,  the  farm-to-wholesale  price 
spreads for pork  increased by 52 percent and 
for beef  by  24 percent in the past  five years. 
He further notes that this is exactly the result 
that theory would predict  as an oligopoly de- 
velops in both the buying and selling markets 
for meat products. 
Consolidation  among  food  manufacturers 
continues at a rapid pace. Philip Morris pur- 
chased  Nabisco and subsequently announced 
plans to combine it with its Kraft unit and then 
create a separate publicly-traded food compa- 
ny. Even more recently Kelloggs, the breakfast 
food  company,  announced  that  it  was  pur- 
chasing Keebler, a cookie and cracker maker, 
The consolidation of food retailers presents a 
similar  set  of  issues.  Krogers  has  become  a 
nearly nation-wide chain with its purchase of 
Fred  Meyer stores (previously a major chain 
in the West) even as one-stop discount houses 
such  as Wal-Mart,  K-Mart,  and  Meijers  ex- 
pand  grocery sections and compete for sales. 
The implications  of  these  structural changes 
for either consumers or farmers are not clear. 
Grocery  chains have  sometimes  argued  that 
consumers are not  "well  served"  by constant 
fluctuations  in the prices  of  basic items such 
as milk, meat, and poultry as a result of chang- 
es in farm-level supplies. But maintaining sta- 
ble  prices  for  these  items  is  an  excuse  for 
keeping profit margins high when supplies are 
strong-something  perhaps less likely to occur 
as large chains operating in  national markets 
compete for market share. Interestingly, con- 
sumers routinely deal with rapidly  fluctuating 
gasoline  prices  and  grocery  stores routinely 
adjust  fresh  produce  prices  to  reflect  short- 
term supply conditions. 
Moreover, a decade and more ago the de- 
lineation of firms engaged in agribusiness was 
generally  quite clear. All  of this has changed 
in recent  years  and with mergers and consol- 
idations the distinctions are becoming less and 
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between  the  agricultural  chemicals  and  the 
petrochemicals  industry with the energy com- 
panies  engaged  in  the  manufacture  of  both 
pesticides and fertilizers. The dividing line be- 
tween  what  constitutes  a  chenlical company 
and a grain processor  is becoming  blurred  as 
well. Archer Daniels Midland can be thought 
of primarily  as an organic chemical manufac- 
turer that happens to use various grains as in- 
puts to organic chemical production. Another 
illustratiori is the use of grain alcohol in motor 
fuels.  Advances  in  biotechnology  exacerbate 
this trend.  as genetically-engineered "design- 
er"  crops are developed that have specialized 
characteristics  designed  to  meet  particular 
needs in  chemical manufacturing. Indeed, 
some  in  colleges of  agriculture have  argued 
for a "biocentric"  model in which farmers be- 
come producers  of  large  amounts  of  geneti- 
cally  engineered  (designer) biomass,  reriew- 
able plant materials that could be  used as the 
starting  point  for  many  different  industrial 
processes  including making fuels  and  indus- 
trial  chemicals. This biomass might  often be 
sold to firms such as chemical and energy pro- 
ducers, not firms we nornlally  think of as ag- 
ribusinesses. 
Can it be shown that agribusiness firms are 
now reaping the benefits of farm technological 
change  at  the  expense  of  both  farmers  and 
consumers?  That  is  difficult  to  prove.  Agri- 
business  firms-those  that sell inputs to farm- 
ers, purchase crops and livestock from farmers 
or further process and then deliver items more 
readily suitable for consumer use-have  indeed 
consolidated  in  recent  years. While  consoli- 
dations have taken place. there is not yet over- 
whelming evidence to suggest that most agri- 
busirless  firms  have  so far reaped  monopoly 
profits  as a result  of  the  consolidation. Food 
retailing, for example, continues to operate on 
very  low  margins in  comparison  with  many 
other  kinds  of  retail  establishnlents  and  the 
large discount chains selling food if  anything 
appear to be more competitive than the small 
regional food retailing chains they are replac- 
ing. In  vertically-integrated.  contract-based 
livestock markets, agribusiness firms contract- 
ing with farmers have a great potential to ap- 
ply their monopvly power. A similar threat ex- 
ists for grain  producers  as direct contracting 
of grain with particular genetically-engineered 
characteristics increases, bypassing the  tl-adi- 
tional  grain  marketing  and  price  discovery 
systems. 
But  to the extent that direct contracting of 
both crops and livestock proceeds in step with 
consolidation and increased monopoly power, 
the potential exists for the economic rents aris- 
ing from technological progress to be retained 
by agribusiness firms rather than being passed 
back to farmers as higher prices or forward to 
consumers as lower prices. And this potential 
is not likely to diminish over time. 
Two Visions 
To conclude, let me construct two alternative 
visions  for  rural  places  in  contemporary 
American society. The truditional ideali,-ed vi- 
sion  of  rural  America co~lsists  of  prosperous 
rural  communities  surrounded  by  equally 
prosperous  farms. Farm  families rely  almost 
entirely  on  sales  of  crops  and  livestock  for 
their  household  incomes  and  the  success of 
new production  technologies in gradually inl- 
proving  farm-level profitability has made this 
possible.  Farms  are  increasingly  prosperous 
because  they  have  been  willing  and  able  to 
adopt  the  latest  production  technologies  de- 
veloped in both the public arid private sectors. 
In  this  scenario,  production  agriculture  as- 
sumes a primary.  superior role  and the  pros- 
perity of the rural community in large measure 
is driven  by  the prosperity  of  the  farms that 
surround it. Both farmers and rural  non-farm 
people highly support the need for more pub- 
lic-sector efforts to  improve the  productivity 
and profitability of farms, for these continuing 
technological improvements provide  the  fun- 
damental  basis  for economic prosperity  with 
the rural economy. Jobs in the non-farm sector 
tend to be focused on those involving suppling 
inputs to farmers, or those involving the pur- 
chase and further processing of  commodities 
produced on the farm, so those employed  in 
non-farm jobs often feel that they too have an 
equal state in the prosperity  of the farmers in 
the community. 
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consists of a scenario in which rural  commu-  America is perhaps the more accurate version 
nities  are surrounded by  what also appear to 
be  prosperous  farms. However, the  vast  ma- 
jority  of  families  living  on  these  farms rely 
decreasingly and often very little on the sales 
of crops and livestock as a source of income. 
In  fact, in  most  of  these farm  families, both 
the husband and wife hold full-time off-f'asm 
jobs that pay steady wages year after year. The 
children  have a horse to ride.  and the  father 
owns a nicely restored 1950s John Deere trac- 
tor,  which  is  used  for handling  yard  chores. 
The family  is  interested  in  agricultural pro- 
duction, but  the well-being  of  the  family ul- 
timately  does not  depend  on  it.  The town, a 
few miles away, offers a variety of goods and 
services to the many prosperous "farmers"  in 
the  surrounding area (But if  you  asked these 
farmers what they did for a living, they would 
likely  tell  you  about their off-farm job). The 
town  has  been  successful in  diversifying  its 
economy so that its fate is no longer heavily 
reliant  on  the  success  or  failure  of  the  sur- 
rounding  production  agriculture.  The  com- 
munity has been able to attract and hold a di- 
versified  group  of  businesses  and  light 
industrial  plants,  so that  the  economic  well- 
being  of  most of  the  people  living there de- 
pends  little on  crop and livestock prices  nor 
the weather. In fact, the agricultural extension 
service is facing increased difficulty in getting 
farmers to listen to presentations that enipha- 
size  improved  methods  for  producing  crops 
and livestock. The farmers complain that such 
technologies  are not  well  suited to their op- 
erations as they are too costly for the size of 
their  operations. Further, some of  these tech- 
nologies, if implemented, would make it more 
difficult  for  them  to  continue  working  full- 
time off-farm. 
The traditional  idealized  vision of  a farm- 
ing  (production  agriculture)-centered  rural 
America,  in  which  non-farm  prosperity  was 
largely driven by  prosperity on the farm rep- 
resents the key paradigm that has driven pro- 
gram emphases within colleges of  agriculture 
at  most  land  grant  universities  through  the 
twentieth  century.  However,  the  paradigm  is 
shifting,  and  the  alternative  vision  of  rural 
of what is now going on in many rural areas. 
With increased  reliance  on off-farm in- 
come, fewer  and fewer farm families  see in- 
come from  the sales of crops and livestock as 
critical to their survival. This has implications 
for the willingness of the farmers to continue 
to press for more efforts devoted to improving 
farm-level production technologies. There are 
further implications for shifts in the emphasis 
traditionally placed  within  college of agricul- 
ture  on  improving  farm-level  crop and  live- 
stock production. 
Most rural communities no longer depend 
on production  agriculture as a primary force 
driving the well-being of the non-farm rural 
economy and thus are not as affected by pro- 
ductivity gains in agriculture as they perhaps 
once  were.  The fact  that  farm  families  rely 
heavily on income from off-farm employment 
is a tribute to the expanding employment op- 
portunities in  the rural  non-farm economy, as 
well as in adjacent urban  centers. At the same 
time,  the  increased reliance on off-farm em- 
ployment opportunities is an indicator that re- 
turns to labor in production agriculture remain 
on average below the returns to labor in the 
non-farm  economy.  In  many  rural  areas  in- 
come from off-farm  employn~ent  by  farmers 
and spouses is generating capital which is in- 
vested in the farming operation. So in a sense 
the  non-farm  economy  is  driving  the  farm 
economy, not the other way around. 
Many  US consumers no  longer  see  the 
primary  benefits of publicly-supported  agri- 
c~c.ltural  research and education in the form 
of lower food  prices but are more concerned 
about issztes such as  food  safety and environ- 
mental protection.  To the extent that benefits 
to consumers  exist from agricultural  produc- 
tion research.  these benefits instead accrue in 
the form of better quality products, increased 
food cleanliness and safety, and other similar 
benefits.  At  the  same time, consumers  often 
also see technical  change accruing  from ge- 
netic engineering as being potentially harmful. 
This too has implications for research and ed- 
ucational programs within colleges of agricul- 
ture. 
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consumers put  agribusinesses  in  a position 
where they can potentially increasingly retain 
gains from  technological  change in agricul- 
ture  for  themselves,  neither  passing  these 
gains  back  to farmers  nor forward  to con- 
sumers. The extent to which this is occurring 
and  can  be  measured  is  an  empirical  issue. 
This also becomes an issue as debate increases 
over the possible implications of agribusiness 
funding of agricultural research. 
Since inception, land grant universities and 
colleges of  agriculture had a strong focus on 
doing whatever was necessary to help improve 
the lives of people. As the years passed in  the 
201h century, this people-centered focus grad- 
ually  shifted  to  be  increasingly  centered  on 
improving the productivity  of  crop and live- 
stock  enterprises.  What began as a means  to 
an end (increasing the productivity of crop and 
livestock enterprises in an effort to boost farm 
and non-farm  incomes) gradually  became an 
end  in  itself.  Few  bothered  to  address  the 
question  of  whether  or not  this  increasingly 
crop and livestock (production-centered) focus 
did in fact gradually improve the lives of peo- 
ple (farm and non-farm residents) living in ru- 
ral  areas.  Agricultural  production  scientists 
simply  assumed  that  technical  productivity 
gains made the  lives of  people  better-if  pro- 
ducers  did  not  gain  then  surely  consumers 
would reap the benefits of technology-induced 
productivity  gains. Few  agricultural scientists 
questioned these value\ and beliefs in part be- 
cause they  were  intertwined  with  the  public 
political  support  and  increased  funding  for 
colleges of agriculture. 
It  is clear  now  that  many  of  these tradi- 
tionally-held beliefs about the impacts of tech- 
nological  change  in  crop  and  livestock  pro- 
duction on the well-being  of rural people are 
myth  rather  than  reality.  Most  farmers  have 
readily  adapted to deteriorating conditions in 
crop and livestock production by pursuing off- 
farm employment,  leaving  primarily  a  small 
number of  relatively  efficient  large-scale op- 
erations to deal with the risks associated with 
heavy dependence on crop and livestock pro- 
duction as a source of  income. The vast ma- 
jority of smaller, less-eficient operations cope 
with these risks through off-farm employn~ent, 
while decreasingly relying  on crop and live- 
stock sales as a family income source. 
These changes suggest a need also for dra- 
matic change.; in the research and educational 
programs within  colleges of agriculture. Col- 
leges of  agriculture need to move away from 
their current crop and livestock focus and back 
to  their  roots  which  instead  focused  on  the 
kinds  of  activities  that  improve  the  lives  of 
rural people. These shifts are not going to be 
easy, given the  "lumpy"  and specialized na- 
ture of human capital inputs in colleges of ag- 
riculture and the inherent long-term nature of 
human capital investments in tenure track po- 
sitions. Most agricultural economists are quite 
flexible with respect to moving from one prob- 
lem  area  to  another.  but  scientists who  deal 
with  technical problems in  crop and livestock 
production  usually  have  highly  specialized 
skills useful  in  dealing  with  technical  prob- 
lems  faced  by  producers  of  a  specific  com- 
modity. Adapting to changes now taking place 
in  agriculture  and  in  rural  areas  will  be  far 
more  difficult  for  our  colleagues  in  depart- 
ments  tied  to  crop  and  livestock  production 
than it  will  be  for many  of  us in  agricultural 
economics. 
But  the  long-term  viability  of  colleges of 
agriculture  and  in  particular  public  funding 
and political  support is heavily  linked to our 
ability to make these changes over time, grad- 
ually moving away from a crop and livestock- 
centered  program  and  toward  programs  that 
more clearly centered on improving the lives 
of people in rural areas, whether they live on 
a farm or not. To put this in  simpler terms. the 
future of colleges of agriculture is with people, 
not with pigs. 
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